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Abstract
A luteovirus was found associated with midrib yellowing symptoms of sugarcane in India. The 
virus  was earlier  identified as  sugarcane  yellow leaf  virus  (SCYLV) on the basis  of  particle 
morphology and serological relationships. In this study, we attempted molecular characterization 
of an Indian isolate of SCYLV through reverse trascriptase-polymerase chain reaction (RT-PCR). 
Comparison showed that the deduced amino acid sequence share 98% homology with an isolate 
from  Texas  (cultivar  CC85-964)  and  100%  homology  with  corresponding  sequences  of  an 
Australian isolate of SCYLV (found in cultivar CP 65-357). Phylogenetic analysis also suggests 
that the coat protein of the SCYLV genome possesses different taxonomic affinities with other 
members of the family Luteoviridae. 
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Dramatic  yellow leaf  syndromes  first  appeared  in  sugarcane  on  the  Hamakua 
coast of Hawaii Island (USA) in 1988. They were observed in one field of H65-7052 and 
were unlike the familiar nutritional deficiency symptoms. Subsequently, the disorder was 
observed in sugarcane fields on all Hawaiian Islands (Schenck, 1990). When photos of 
the yellowing symptoms, which came to be called yellow leaf syndrome (YLS), were 
circulated, several people recalled having seen them in previous years, although not as 
severe (Schenck, 2001). Subsequently, growers in Queensland (Australia) also reported 
having  seen  symptoms  serious  enough  to  warrant  attention.  Yellow  leaf  syndrome 
symptoms have now been observed and reported from sugarcane growing areas in 
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Louisiana (Grisham et al. 1997), Florida and Texas (Comstock et al. 1994), in the USA, 
Australia  (Borg  et  al. 1997),  Mauritius  (Saumtally  and Moutia,  1997),  Brazil  (Anon, 
1995, 1996a), South Africa, Zimbabwe and Malawi (Anon, 1996b, Bailey  et al. 1997; 
Cronje et al. 1997), and India (Rao et al. 2000).
Yellow leaf  syndrome (YLS) has  recently  been recognized  as  new disease  of 
sugarcane  (Comstock  et  al. 1994;  Ulian  and  Sangunio,  1994).  Symptoms  consist  of 
yellowing leaves with a bright yellow midrib, often when the rest of the lamina is still 
green. Pink colouration may also occur as well as early drying of leaves from the edges. 
Initial evidence (Smith et al. 1995; Lockhart et al. 1996; Vega et al. 1997) suggested that 
a previously undescribed Luteovirus, tentatively named sugarcane yellow leaf Luteovirus, 
was the causal agent of YLS. Koch’s postulates for an aphid-transmittable  Luteovirus 
were established in 1997 (Scagliusi and Lockhart, 1997). Both serological (Scagliusi and 
Lockhart,  1997)  and  PCR-based  assays  (Irey  et  al.,  1997)  have  been  developed  for 
diagnosis of the YLS associated  Luteovirus.  The primers for  the RT-PCR assay were 
selected from the nucleic acid sequence of a cloned PCR product amplified from YLS 
infected samples using the Luteovirus group specific primers LU1 and LU4 (Robertson 
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et  al.,  1991).  This  RT-PCR  assay  was  used  to  investigate  the  extent  of  Luteovirus 
infection in Florida sugarcane fields: 67.6% of the fields and 72.4 % of the varieties 
sampled contained the virus (Irey et al.1997). The primer target sequences
sequences within the coat protein gene of the virus. Initial analysis of RT-PCR products 
from this region suggest little variation in the coat protein region of SCYLV sequences 
from all  around the world (Borg  et al., 1997) and hence this diagnostic assay should 
prove useful for widespread application.
Diagnostic  procedures  for  the  detection  of  SCYLV have  been  developed.  An 
antiserum  specific  to  SCYLV prepared  from  purified  virus  (Scagliusi  and  Lockhart, 
2000) has been employed successfully to detect SCYLV in samples from many locations 
using both ELISA (Comstock et al., 1997) and tissue blot immunoassay (TBIA) (Fitch et  
al., 2001). The virus was found to be more widespread than previously known, since 
most of the infected cultivars were symptompless (Schenck et al.,1997).
In India, a widespread occurrence of SCYLV has been reported (Rao et al., 2000; 
2001) on the basis of symptomatology, particle morphology and serological relationship. 
Hence, molecular characterization of the virus was attempted in the present investigation 
to proof further the evidence of etiology of the virus associated with midrib yellowing 
symptoms in affected sugarcane crops of India.
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A virus isolate from sugarcane cultivar CoLk 8102 was obtained from the Indian 
Institute of sugarcane Research, Plants were maintained in glasshouses on the Sugarcane 
Research Centre, Gorakhpur, Uttar Pradesh, India. The virion was purified by enzyme-
digested method as described by Vega  et al,  (1997)  and SCYLV genomic RNA was 
performed from the purified virions by phenol extraction as described by Moonan et al, 
(2000).  cDNA was constructed from SCYLV genomic RNA following the method of RT 
–PCR . The  RNA was polyadenylated with yeast polyA polymerase  and oligo (dt)30 
primer was used for the  RT-PCR as described by Moonan  et al,(2000). For the coat 
protein  amplification  reverse  primer  =  5’-CGGATCGTTACCATCCG-3’and  forward 
primer 5’GCTATGGGCAGATGCCC-3’ was used (designed based on sequence already 
in the gene bank). 
Thermocycling was performed as follows: 
1 cycle of 37º C for 30 min and 94ºC for 5 min.; 30 cycles of 94ºC for 1 min followed by 
58ºC for 1 min. and 72ºC for 1 min. DNA synthesis was finally completed by incubating 
each tube at 72ºC for 5 min. 
Amplicons produced by the above process were checked on 1% agarose gel 
electrophoresis. The coat protein primers contained restriction sites for  Eco RI to allow 
direct cloning of the resulting PCR fragment into the corresponding sites of pBluescript 
KST (Stratagene)  to  produce  pKS-CP.   Sequencing  was  done  according  to  Sanger's 
method (Sanger et al., 1977) using M13 forward and reverse primers manually as well as 
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by automated ABI Prism DNA sequencer. The sequences were analyzed using programs 
of the Wisconsin package (version 9.1). A BLAST search (Altschul  et al., 1997) was 
used to  identify related sequences available from the Gene Bank database.   Multiple 
sequence alignments were made using CLUSTALW (Thompson et al., 1994), unrooted 
trees were generated using TREEVIEW software (Page, 1996).  
RNA  isolated  from  purified  virion  shows  that  the  infected  SCYLV  plant 
contained one genomic RNA and two small genomic RNA of 6.0 and 2.4 and 1.0 kb 
respectively (data not shown)as earlier discussed by Borth et al,  (1994) and Moonan et  
al. (2000). The complete genomic RNA sequence of the SCYLV-IND was submitted to 
the Gene Bank in 2003 (Accession No. AY 236971).  
The detailed analysis of the entire  genome of SCYLV-India was conducted in 
comparison  with  corresponding  genomes  from  published  SCYLV  isolates  at  the 
nucleotide and amino acid sequence levels. The comparative alignment study showed that 
there is 100% homology between Indian isolate of SCYLV with isolates from Texas 
(AF369928) and Australia (AJ491288.). There were 5 amino acid (aa) changes versus the 
sequence from Texas, however, all of those differences were also seen in an isolate from 
Australia (CP cv. 65-357) (Smith et al., 2000). 
Unrooted phylogenetic tree analysis of different SCYLV revealed that among the 
different isolates used for comparison, SCYLV-India was most closely related to CP92-
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1654,  Florid  1999,  LHo83-153,  SP71-6163B,  Q136  Argentina  and  CP65-357AUS 
isolates forming one cluster (Fig 1 ). Based on the sequence data presented here SCYLV-
India belongs to the same cluster in the Luteovirus genus as other SCYLV isolates. It can 
therefore be compared to a sequence comparison conducted by Moonan et al. (2000). 
Due to its importance for diagnostic purposes (serological methods), the resulting 
amino acid sequence was aligned with the CP sequence of other Luteoviruses, including 
different PAV-like isolates of barley yellow dwarf virus (BYDV). The sequence identity 
ranged from 43.6% (BYDV-PAV-129) to 34% (Soybean dwarf virus SDV) while the 
similarity varied from 55% (BDV-PMAV) to 43.3% (Bean leaf roll virus BLRV) (Fig2). 
A comparison  of the predicted CP amino acid sequence of the Brazilian and Florida 
isolate showed conservation of 195 invariant amino acids out of 196.
   Comparative sequence analysis showed that SCYLV India shared 100% 
sequence identity with SCYLV Texas, Florida and CP 92-1654 of Australia at nucleotide 
(97-100%) as well as amino acid (92-100%) levels (Table 1).  Since the coat protein gene 
sequence similarity of SCYLV-India with Texas and CP isolates was above the threshold 
level of 90%, it is proposed that SCYLV-India should be regarded as a strain of SCYLV 
belonging to luteovirus, henceforth designated as SCYLV-India.
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         The amino acid sequence relatedness between the CP of SCYLV and other 
luteovirus CPs is shown as predicted phylogenetic tree. The phylogenetic analysis places 
SCYLV in an intermediate position between the two observed branches, but as being 
closer to the branch leading to viruses in the genus Luteovirus (D’Archy and Mayo.,  
1997).  Earlier  reports  of  virus  occurrence  in  India  were  based  on  symptomatology, 
particle morphology and serology (Rao et al., 2000, 2001).
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               Fig 1: Unrooted phylogenetic tree analysis of different isolates of luteovirus . 
                        The dendogram was constructed using the simultaneous alignment 
                        and phylogeny program CLUSTALW and graphically illustrated using 
                        TREEVIEW 1.5 
Fig.2 Phylogenetic analysis of the coat protein sequences aligned with Clustal W and tree was 
constructed with PHILIP
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Table 1:  Percent nucleotide sequence (above the diagonal line) and amino acid 
               sequence (below the diagonal line) identity of nucleocapsid gene
               between SCYLV-IND and other sequenced SCYLV isolates of the  
               world
SCYLV-
IND
SCYLV-
Texas
SCYLV-
Texas 2
SCYLV-
Brazil
SCYLV-
CP
SCYLV-IND 100 57 100 100 98
SCYLV-
Texas 1
46 100 44 57 77
SCYLV-
Texas 2
100 50 100 99 97
SCYLV-
Brazil
10 44 99 100 98
SCYLV-CP 97 50 96 98 100
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